Hepatitis delta virus (HDV) has been associated with acute or chronic hepatitis in Latin America, but there is no prevalence study covering South American countries. This meta-analysis aimed to estimate anti-HDV prevalence through a systematic review of published articles in English, Portuguese and Spanish until December 2017. Searches were conducted in Health Virtual Library, Capes, Lilacs, PubMed, and SciELO, according to defined criteria regarding participant selection and geographical setting. Study quality was assessed using the GRADE guidelines. Pooled anti-HDV prevalence was calculated using the DerSimonianLaird random-effects model with Freeman-Tukey double arcsine transformation. Out of the 405 identified articles, only 31 met the eligibility criteria for inclusion in the meta-analysis. In South America, pooled anti-HDV prevalence among hepatitis B virus carriers was 22.37% (95% confidence interval: 13.72-32.26), though it appeared less frequently in some countries and populations, according to the data collection date. The findings indicated significant successive reductions in anti-HDV prevalence over thirty years. However, there was a scarcity of HDV epidemiological studies outside the Amazon Basin, notably in the Southwest continent and absence of target population standardization. There was a high HDV prevalence in South American countries, despite differences in methodological characteristics and outcomes, highlighting a drastic decline in the last decades. Future studies should identify HDV prevalence estimates in other regions of the continent and identify risk factors.
INTRODUCTION
Hepatitis delta virus (HDV) infection can cause acute or chronic hepatitis. HDV is a defective virus capable of multiplying only in hepatitis B virus (HBV) infected hepatocytes, requiring HBV surface antigen (HBsAg) as its envelope protein 1 . Diagnostic assays using antibodies against HDV antigen (anti-HD) performed on HBsAg carriers are reliable sources of information on HDV epidemiology and molecular tests (HDV-RNA) are indicated for active infection confirmation. It is estimated that 18 million HBsAg carriers around the world also have anti-HDV antibody, representing 5% of HBV infected individuals. However, this estimate presents a range of substantial uncertainty since not all are tested for HDV infection 1, 2 . HDV infection is ubiquitous worldwide, but its distribution pattern is not uniform [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Even in endemic areas, anti-HDV prevalence differs greatly depending on geographical region, such as in the Eastern Mediterranean 5 , sub-Saharan Africa 12 , Iran 4 , and Turkey 6 . In Latin America, HDV has been associated with acute and chronic infection, particularly severe and fulminant hepatitis. The study area was based on articles already reporting high HDV endemicity in South America, since the 1980s [13] [14] [15] [16] [17] [18] [19] . There are relatively few data on HDV prevalence in South American countries and most of them are regional cross-sectional studies 1, 2, [20] [21] [22] . To date, there has been no HDV infection prevalence estimate for South America. Therefore, a systematic review with metaanalysis was planned to provide a clearer and more comprehensive presentation of published data on HDV prevalence among HBsAg carriers in South American countries.
METHODS

Study design
All methods of this systematic review and meta-analysis were conducted according to the MOOSE (Meta-analyses of Observational Studies in Epidemiology) guidelines and reported following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist 23, 24 .
Study area
South America extends across 17,819,100 km² (12% terrestrial surface) and comprises 6% of the world population. It encompasses the following countries: Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Guyana, Paraguay, Peru, Suriname, Uruguay, and Venezuela. Also, the following independent territories are part of the continent: French Guiana, Falkland Island and South Georgia and the South Sandwich Islands.
Relevant article search strategy
An algorithm was developed to search for articles containing the topic of interest by combining the following key descriptors and medical terms (MeSH); "hepatitis D" OR "HDV" OR "hepatitis Delta virus" OR "anti-HD" and "prevalence" OR "seroprevalence" OR "epidemiology". This was adapted to predefined electronic databases (PubMed, SciELO, Lilacs, Capes, and Virtual Health Library). Each country/independent territory name was added individually. The time frame included all published articles until 31st December 2017 and searches were conducted for articles published in English, Portuguese and Spanish.
In addition, a limited manual search of cross-references was conducted to identify all published articles on HDV prevalence. Thus, identified articles were selected first by their titles and abstracts, according to inclusion and exclusion criteria by five researchers independently and duplicates removed. Relevant articles were read in full.
Inclusion criteria
• Any study reporting HDV prevalence.
• Clearly stated information about number of HBV-infected people and HDV diagnosis based on anti-HDV antibody presence or molecular tests.
• Case series, cross-sectional, case control, or cohort appropriated studies.
• People residing in any South American country and no criteria regarding size, gender or age.
• Published data in five electronic databases.
Exclusion criteria
• Studies conducted in populations residing outside South America.
• Studies designed as case reports, reviews, comments, and editorials.
• Studies with no primary data and/or explicit description of laboratory methods.
• Studies about HDV genotyping.
Quality assessment and data extraction of studies
Each paper was quality assessed according to the GRADE approach 25 and a scoring system was established considering: study design, population group, sampling method, HDV diagnostic method, anti-HDV prevalence outcome, endemic region and relative risk measure or reported odds ratios. Points ranged from 0 to 2 points on evaluation by two researchers individually, with a partial blinding process. Consensus was used to resolve misunderstandings in appraisals by investigators. Quality level was arbitrarily categorized as very low (0-2.5), low (2.6-5.0), moderate (5.1-7.5), and high (7.6-9.5). A five-point minimum score was established for an article to be included in the meta-analysis.
General information (authors, year, country), primary data (study design, target population, positive HBsAg, and anti-HDV case number) were extracted from each included article in the meta-analysis (met the eligibility criteria). One researcher checked all extracted data for accuracy.
Statistical analysis
Data analysis was performed using the "metan" and "metaprop" packages in Stata version 11.0 (StataCorp LLC, College Station, TX, USA) 26, 27 . Study primary data were computed to establish individual HDV prevalence and confidence intervals (95%CI) were calculated using the Wilson method. Publication bias was verified through a funnel plot and Egger's test. Study heterogeneity was evaluated using the chisquared test based on the Q statistic and calculated by I 2 . Pooled anti-HDV prevalence was calculated using DerSimonian-Laird's random-effects model with Freeman-Tukey's double arcsine transformation, based on the heterogeneity test result. Forest plot and descriptive tables were used to display the main results.
Meta-regression was performed using the residual maximum-likelihood model to examine for heterogeneity sources related to study country or design, selected population, specific geographic area, data collection decade, anti-HDV diagnostic method, HDV/HBV infection risk, and quality assessment. Methodological and clinical heterogeneity due to groups and potentially non-representative samples were investigated with sensitivity analysis with Tau 2 showing variation between subgroups.
RESULTS
Search outcomes
A total of 405 records were found in the searched databases, but only 171 of them were retained after duplicates were removed. Further evaluation excluded 91 titles because they were not related to anti-HDV prevalence in South American countries. Twenty four articles were not made available by the authors. Fifty-five articles were selected based on inclusion and exclusion criteria after full text reading. Two very low-quality studies (4.5 score) were excluded 15, 19 . Therefore, only 31 of 33 eligible articles with 71,733 participants were included in the final phase for quantitative analysis (meta-analysis) as shown by the flowchart (Figure 1) and 
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Characteristics of included articles
Of the thirty one studies included in the meta-analysis, nine different population groups were described in seven out of the 12 South American countries during a period spanning from 1985 to 2015 (Figure 2 ). Participants were recruited in various epidemiological contexts: through specific or general community surveys, blood bank, during testing of health professionals, in HIV clinics, drug treatment centers and in university hospitals (patients with liver disease). No studies on HDV infection prevalence were found in Chile, Guyana, Suriname, Paraguay, Uruguay, French Guiana, Falkland Island and South Georgia, and the South Sandwich Islands published until 2017.
Overall, the quality of reviewed studies showed a moderate score (median: 6.0, range from 4.5 to 8.5). Most studies (17/31; 54.84%) published data from "convenience samples" such as native indigenous or rural communities, hospitalized or HIV-infected patients and health-care workers. These selected participants had not been representative of regional populations and no country in the study was sampled nationally. A summary of articles included in the systematic review and meta-analysis with quality score is shown in Table 1 .
Studies included in the meta-analysis suggested a trend towards publication bias by funnel plot, with evidence confirmed by linear regression (Egger's test, p<0.001), whereas Begg's 5/12 test yielded p=0.024. This was depicted graphically by funnel plot which incorporated the trim and fill method, and showed asymmetry of reported anti-HDV prevalence by various studies. Some studies also indicated presence of high heterogeneity (p<0.001); thus, the random-effect meta-analysis model was therefore adopted.
Overall pooled HDV infection prevalence
Although 71,733 participants were included in this metaanalysis, only 2.56% of them exhibited HBsAg-positive marker (target population of this study). Anti-HDV marker positivity rate ranged from 0.45% to 54.00% for the analyzed studies ( Table 2) . Pooled anti-HDV prevalence at 22.37% (95%CI: 13.72-32.26) among 1,835 HBsAg carriers (in South American) was estimated by the random effects meta-analysis model, in which individual study variances had been stabilized by Freeman-Tukey's double-arc transformation method. There was significantly high heterogeneity among the included studies (I 2 =94.79%; Cochran's Q=575.94; p< 0.001).
Source of heterogeneity and subgroup analysis
The influence of multiple factors on studies' heterogeneity was analyzed by meta-regression analysis, suggesting that there was a strong association between HDV infection prevalence with collected data decade (coefficient 0.53, 95%CI: 0.19-1.07, p=0.019), geographic area (coefficient -1.10, 95%CI: -1.84 to -0.22, p=0.008) and study quality (coefficient -0.89; 95%CI: -1.81 to -0.29, p=0.023). Publication bias was found for all group analyses, except for the HDV/HBV infection risk group (p=0.447).
HDV prevalence rate was 3.70% for six articles categorized in the low-quality group, while at the opposite extreme this was 51.53% for three classified as high quality, which constituted a significant variation among studies (p<0.001) ( Figure 3A) . Meanwhile, anti-HDV prevalence in the moderate quality group, which consisted of a significant number of articles (22/31, 70.97%), was estimated to be 25.34% among HBsAg positive patients, close to the group estimated prevalence (22.37%).
The four oldest studies had their data collected in the 1980s 14, [16] [17] [18] and had the highest HDV infection prevalence in the meta-analysis (Figure 3B ), contributing to overestimated pooled HDV infection prevalence; however, a cumulative meta-analysis could confirm that the epidemiological profile of this virus has undergone significant changes (p<0.001), with successive reductions since 1990s. Nearly all analyzed studies reported cross-sectional observational design (27/31; 87.10%), although the presence of other designs had been observed (cohort, case control and case series). Anti-HDV prevalence also varied considerably by HDV screening method, suggesting one probable methodological heterogeneity cause among studies (p<0.001).
In addition, many studies had not clearly identified how many cases were positive for anti-HDV in serologic screening, nor did they include HDV infection confirmation by antibody retesting or HDV-RNA detection. Eight studies detected HDV-RNA presence in 60 seropositive participants (10.29% with active infection). Anti-HDV marker seroprevalence varied significantly between South American countries (p=0.035) as shown in Figure 4A . A single study conducted in native indigenous communities of Ecuador also estimated a high HDV infection prevalence (31.91%) in 2000 27 . Most of the studies (15/31, 48.39%) were conducted in Brazil, covering the largest number of participants (998), although HDV prevalence was estimated at 17.26% (95%CI: 6.10-31.89). The findings showed about three times higher HDV infection prevalence for a specific geographic area (31.12% in the Amazon Basin) compared to 11.27% in other studied areas ( Figure 4B ). 
7/12
A B
The target populations (HBsAg positive) were significantly associated with HDV seroprevalence (p<0.001). Five articles revealed high anti-HDV rate (49.99%) in the general population; in contrast, a very low rate (0.92%) was observed in another study conducted among blood donors. The pooled HDV prevalence was 22.20% among native indigenous communities from 14 studies in five countries. Among three studies in which patient HIV status was reported, the HDV seroprevalence was 3.30%. Surprisingly, no HDV infection case was reported in one study with injecting drug users from Rio de Janeiro, Brazil 28 , whereas in another study conducted in a school community in Peru, the anti-HDV prevalence was 16.67% 29 .
DISCUSSION
This is the first systematic review to perform a meta-analysis on HDV infection prevalence in several populations, whose focus was on South America. Only a large regional epidemiological study could estimate with precision overall HDV infection prevalence in South America. This review is important for the better understanding of current HDVinfection geographical distribution between South American countries, notably, in highly endemic areas and with acute and chronic cases recorded over a 30-year period 1, 2, 49, 50 .
The study area was based on evidence that HDV is widespread throughout the world, with its prevalence rate varying widely in different geographic regions, which does not exactly match the HBV infection rate 1,2 . This is confirmed with cross-sectional studies conducted since 1980, evidencing a large difference in HDV prevalence in America under several epidemiological contexts 9, 13, 15, 45, 51 . However, this review sought to estimate an overall prevalence encompassing all South American countries, which has demonstrated high rates of HDV infection within this subcontinent, according to other previous studies 10, [17] [18] [19] 28, 34 . This review found a heterogeneous anti-HDV positive geographical distribution in South America, with low and high antibody prevalence differing between areas even within the same country 13, 18, 28, 29, 34, 35, 40, 48 . One reason for these variations may be limited sample size in some studies, without previous sample calculation. Another explanation would be different criteria established for participant inclusion Recent studies suggest that high HDV infection cases in the Amazon Basin occurred due to geographic isolation, disseminating through restricted interaction to individuals and tribes 52 . Argentina was the only country identified by this review that does not belong to the Amazon Basin 31, 44, 46 . This systematic review shows that there were more than twice as many Brazilian articles compared to other countries 2, 4, [7] [8] [9] [10] 13, 17, 18, 20, 22, 24, 25, 28, 30 . On the other hand, all eligible articles pointed to local studies, so they were not representative of any of these countries' populations.
The pooled HDV prevalence estimate was 22.37% (95%CI: 13.72-32.26) in South America by meta-analysis [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . This geographical region is traditionally recognized as endemic for hepatitis delta and a higher frequency for this virus was previously expected 2 . Extreme caution should be exercised regarding the interpretation of the estimated prevalence for South America, due to selection biases observed during study review. These biases have been caused by the absence of information from several countries located far from the Amazon basin, as well as the use of data collected by studies conducted in the 1980s 1,2,5,6 and 1990s 3, 4, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] 21 , which led to an overestimation of HDV infection cases in the studied area.
Pooled HDV infection prevalence found in South America have similar rates described in recent meta-analyses for other regions with high endemicity, as well as the Eastern Mediterranean Region (15% and 28% among asymptomatic HBsAg positive carriers and chronic hepatitis patients, respectively) 5 and in sub-Saharan Africa (7% in western Africa and 26% in central Africa) 12 , but it exceeds Southeast Asia (8% in Iran) 4 . In South America, the estimated prevalence is closest to the mean of HDV prevalence reported in Turkey (27%) 6 and Mauritania (up to 30%) in West Africa
.
The present study confirms a high pooled HDV infection prevalence in South America over more than three decades. HDV prevalence has demonstrated successive reductions over time, as seen in different areas of the world, currently close to the expected global rate at 5 to 10% among HBsAg carriers 3, 8, 10, 49, 54 . Stratified study analysis revealed a trend of successive reductions in pooled HDV prevalence over time in South America, from hyperendemic regions in the 80's and 90's (40.29% and 28.01%, respectively), to moderate endemic level in 2000 (13.58%), reaching values (6.97%) close to worldwide rates in 2010 1 . This change in HDV infection epidemiological profile was probably due to the vaccination policy against HBV initiated cross campaign form for Amazonas Brazilian state in 1989 and obligatory screening of blood and blood products for serum HBV markers 2 . The observed decline in prevalence rates is consistent with a recent review in which HDV infection prevalence decreased from 24% (1990) to 8.5% in Italy (2006) .
Most of the studies included in this meta-analysis presented moderate methodological quality in relation to established criteria quality 1, 2, [4] [5] [6] [7] 9, [12] [13] [14] [15] [16] [17] [18] [19] [20] 23, [26] [27] [28] [29] [30] . The information provided in this review revealed that almost all studies had cross-sectional designs [2] [3] [4] [5] [8] [9] [10] [11] [12] [13] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] as they fit prevalence studies; therefore, they did not provide information on relative time of exposure and outcome. A strength of this review is that participant selection focused on HBV-infected individuals, notably positive HBsAg carriers because they were the target population who were more adequate and susceptible to HDV infection. This was chosen in consistency with previous studies showing that HDV requires obligatory HBV presence for its propagation to hepatocytes 1, 2 . It is possible that the HDV prevalence reported in this evaluation may be overestimated, since the studies included in the meta-analysis were conducted with more vulnerable populations such as HIV-infected patients, hospitalized patients, health-care workers, injecting drug users and indigenous communities 1, 2, [4] [5] [6] [7] [8] 10, 11, [13] [14] [15] [16] [17] [18] [21] [22] [23] [24] [25] [26] [27] 30, 31 . Discrepancies reported in the global epidemiology for HDV infection prevalence may be related to erroneous participant selection, generally not representative of general population or involving blood donors 1 , reinforcing once again that this estimated HDV infection prevalence in metaanalysis is restricted to the populations studied.
This review had still others limitations. The estimate of pooled HDV infection prevalence in South America did not include unpublished data or official data sources. Additionally, there were no data available from seven countries (mainly outside Amazon Basin), and there was an absence of population-based studies. These reasons may directly interfere in pooled HDV infection prevalence calculations. The lack of standardized criteria for participant selection or even failure to report the gross number of HBV infected individuals in studies may induce inaccurate estimates or study exclusion. This fact constitutes further limitation to the inference drawn. In contrast, the search for articles reported in both English as in other native languages of the region (Portuguese and Spanish), increased the number of selected articles. Furthermore, the pooled HDV infection prevalence estimated for South America was accurate due to strong and reliable methodology (sample size of 1,835 HBV-infected included in random effects model) and statistical procedures used.
CONCLUSION
This systematic review provides evidence that hepatitis delta remains neglected in some South American areas, notably outside the Amazon Basin. The pooled anti-HDV prevalence was 22.37% covering several populations of seven South American countries through meta-analysis. In addition, the findings highlight a drastic decline in HDV prevalence over the last decades. In future studies, we plan to identify risk factors and evaluate HDV infection control measures.
